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EXAMPLE APPLICATIONS OF 
ESTIMATING EQUATIONS

The estimating equations presented in this 
report can be applied to rural, ungaged streams with 
flows not appreciably affected by local diversions 
by (1) determining the basin characteristics required 
for the appropriate equation, (2) checking to ensure 
that the basin characteristics fall within the range of 
characteristics values used to develop the equation, 
and (3) use of the measured basin characteristics 
values with the appropriate equation to compute the 
estimate. 

For example, assume that an estimate of Qa is 
needed for an ungaged rural stream site with a 
drainage area of 80 mi2, at a latitude of 37.525°, and 
a mean basin elevation of 900 ft above sea level. A 
comparison of basin characteristics with those listed 
in table 2 indicates that the characteristics for this 
basin are within the range of characteristics of 
gaging stations used to develop the estimating 
equations. Estimates of Qa are computed as 

Qa = 1.39 A1.00(Latg-36)-0.15E 0.12. 

Substituting the measured basin 
characteristics into the above equation yields 

Qa = 1.39(80)1.00(37.525-36)-0.15(0.900)0.12 
= 103 ft3/s.

If it is desired to quickly obtain an 
approximate estimate by use of the drainage-area-
only equation, then the first equation in table 2 is 
applied:

Qa = 1.38 A1.01. 

Substituting the measured basin 
characteristics into the above equation yields 

Qa = 1.38(80)1.01 = 115 ft3/s.

In situations where an estimate of Qa is 
needed at a stream site on a reach near a gage 
location and the drainage area at the point of interest 

is between 50 and 150 percent of the drainage area 
of the gaged site, then equation 9 can be applied to 
obtain a Qa estimate weighted by use of gaging-
station information as shown in the following 
example.

Assume there is a streamflow-gaging station 
located downstream on the same stream reach used 
in the previous example with a drainage area of 
85.9 mi2, a latitude of 37.704°, and a mean basin 
elevation of 866 ft above sea level. The Qa at the 
gaged site as computed from the long-term 
streamflow data is 104 ft3/s. The regression estimate 
of Qa at the gaged site is 

Qa = 1.39(85.9)1.00(37.704-36)-0.15(0.866)0.12 
= 108 ft3/s.

The coefficient R is determined as 

R =  =  = 0.963.

The gage-weighted Qa estimate for the 
ungaged site is computed as 

 

 

ft3/s. 

This adjusted Qa estimate for the ungaged 
upstream site, 99.7 ft3/s, is 96 percent of the 
measured long-term Qa (104) at the gaged site. This 
result is consistent with the ratio of the drainage 
areas of these two sites, 0.93, and is reasonable.
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SUMMARY

Mean annual streamflow data are needed by 
water-resource managers and engineers for design 
of structures in streams and rivers. Techniques for 
estimating streamflow characteristics at ungaged 
sites are part of this need; therefore, the 
U.S. Geological Survey, in cooperation with the 
Kentucky Transportation Cabinet—Department of 
Highways, began a study in 1999 to compile 
available continuous-record streamflow-gaging 
data, compute mean annual flow at streamflow-
gaging stations, and develop equations for 
estimating mean annual streamflow at ungaged rural 
stream sites. 

The values of mean annual streamflow, Qa, 
were determined at selected streamflow-gaging 
stations in Kentucky and surrounding States. 
Streamflow data for the available period of record 
through the 1999 water year at 235 continuous-
record streamflow-gaging stations with at least 
5 years of record were used in the analysis. Record 
extension at selected stations was accomplished by 
use of the MOVE.1 technique to reduce time-
sampling error and, thus, improve estimates of long-
term Qa values.

Techniques to estimate Qa at ungaged stream 
sites in Kentucky were developed. A multiple-
linear-regression analysis was used to relate Qa 
values to drainage-basin characteristics. One-, two-, 
and three-variable regression equations that 
included total drainage area, streamflow-gaging 
station latitude minus 36 degrees, and mean basin 
elevation as explanatory variables were developed 
by use of generalized-least-squares regression, 
which compensated for differences in the variability 
and reliability of, and correlation among, the Qa 
estimates at the 170 gaging stations with 10 or more 
years of record included in the regression analysis. 
The three-variable regression equation has an 
approximate average standard error of prediction of 
13.7 percent. The one- and two-variable equations 
exhibit geographical biases, and the indicated 
standard errors of prediction may estimate poorly 
the true prediction errors, depending on the location 
in the State. The one- and two-variable models are 
suitable for initial approximate Qa estimates; 
however, the three-variable equation should be used 
whenever possible for estimating mean annual 
streamflow of rural streams in Kentucky. Estimating 

equations can be applied by (1) determining the 
basin characteristics required for the appropriate 
equation, (2) checking to ensure that the basin 
characteristics are within the range of values used to 
develop the equation, and (3) substituting the basin-
characteristic values for the variables in the 
estimating equations as described in the example 
applications presented. 
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GLOSSARY

COEFFICIENT OF MULTIPLE 
DETERMINATION.—The proportion of the 
variation in the dependent variable explained by the 
variables in a fitted regression model. Reported 
values are adjusted for error degrees of freedom.

LEVEL OF SIGNIFICANCE.—The selected maximum 
probability of making a Type I error, or rejecting a 
true null hypothesis. Hypothesis tests were used to 
determine if statistically significant relations existed 
between dependent and explanatory variables of 
regression models.

LOCAL DIVERSION.—A localized transfer of water, 
such as a water-supply withdrawal or wastewater 
releases, that artificially increase or decrease 
streamflow in a reach.

MULTICOLLINEARITY.—The presence of a high 
correlation (near linear dependencies) between two 
or more explanatory variables of a regression. 
Multicollinearity causes instability in the estimates 
of the least-squares regression coefficients.

MULTIPLE-LINEAR REGRESSION.—A method of 
regression wherein a linear relation between a 
dependent variable and more than one explanatory 
variable is defined.

ORDINARY-LEAST-SQUARES REGRESSION.—A 
method of fitting a regression model in which the 
sum of squared residuals (see Residual) is 
minimized.

PREDICTION SUM OF SQUARES (PRESS) 
STATISTIC.—A measure of model-prediction error 
useful in regression-model selection. It is computed 
by summing the square of the prediction residuals 
resulting from the series of predictions of each 
observation by regressions defined using all other 
observations. Thus, each observation is in turn 
excluded from the regression data set and is not used 
in prediction of itself. This process simulates 
prediction using new data and is a form of data 
splitting useful for model validation (Allen 1971, 
1974; and Montgomery and Peck, 1982).

REGULATED STREAMFLOW.—Streamflow 
controlled by upstream hydraulic structures such as 
dams.

RESIDUAL.—The difference between values of mean 
annual streamflow computed by use of streamflow-
gaging data and values estimated by use of a 
regression model.

STANDARD ERROR OF ESTIMATE.—A measure of 
model-fitting error; it is the standard deviation of the 
residuals of a regression adjusted for error degrees of 
freedom. Percentage values in this report were 
estimated by use of model root-mean-square error, or 
the square root of the sum of the squares of the 
residuals divided by the error degrees of 
freedom—n-k-1, where n is the number of 
observations and k is the number of explanatory 
variables in the regression—(Statistical Analysis 
System Institute, Inc., 1985) and information from 
Hardison (1971).

STANDARD ERROR OF PREDICTION.—A measure 
of model-prediction error; it was estimated as the 
square root of the PRESS divided by the degrees of 
freedom for error (Statistical Analysis System 
Institute, Inc., 1985; Montgomery and Peck, 1982; 
and Choquette, 1988). (See Prediction Sum of 
Squares (PRESS) Statistic.)
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STREAMFLOW.—Discharge, measured as the volume 
of water that passes a given point within a given 
period of time (cubic feet per second), that occurs in 
a natural channel whether or not it is affected by 
diversion or regulation.

STREAMFLOW-GAGING STATION.—An installation 
that provides systematic observations of stage from 
which streamflow is computed.

VARIANCE INFLATION FACTOR (VIF).—An 
indicator of multicollinearity; it is a measure of the 
combined effect of the dependencies among 
explanatory variables on the variance of each term in 
a regression model (Marquardt, 1970; and 
Montgomery and Peck, 1982).

WATER YEAR.—The 12-month period from October 1 
through September 30. The water year is designated 
by the calendar year in which it ends. 
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